Summary Sap flux density in branches, leaf transpiration, stomatal conductance and leaf water potentials were measured in 16-year-old Quercus suber L. trees growing in a plantation in southern Portugal to understand how evergreen Mediterranean trees regulate water loss during summer drought. Leaf specific hydraulic conductance and leaf gas exchange were monitored during the progressive summer drought to establish how changes along the hydraulic pathway influence shoot responses. As soil water became limiting, leaf water potential, stomatal conductance and leaf transpiration declined significantly. Predawn leaf water potential reflected soil water potential measured at 1-m depth in the rhizospheres of most trees. The lowest predawn leaf water potential recorded during this period was -1.8 MPa. Mean maximum stomatal conductance declined from 300 to 50 mmol m -2 s -1 , reducing transpiration from 6 to 2 mmol m -2 s -1 . Changes in leaf gas exchange were attributed to reduced soil water availability, increased resistances along the hydraulic pathway and, hence, reduced leaf water supply. There was a strong coupling between changes in soil water content and stomatal conductance as well as between stomatal conductance and leaf specific hydraulic conductance. Despite significant seasonal differences among trees in predawn leaf water potential, stomatal conductance, leaf transpiration and leaf specific hydraulic conductance, there were no differences in midday leaf water potentials. The strong regulation of changes in leaf water potential in Q. suber both diurnally and seasonally is achieved through stomatal closure, which is sensitive to changes in both liquid and vapor phase conductance. This sensitivity allows for optimization of carbon and water resource use without compromising the root-shoot hydraulic link.
Introduction
Tree species in the Mediterranean regions have evolved with summer drought as one of the major environmental constraints and must adjust their water use to survive (Sala and Tenhunen 1994 , Martinez-Vilalta et al. 2002 , David et al. 2004 . During winter, low temperatures limit photosynthetic activities, thereby confining most Mediterranean plant productivity and growth activities to the period between spring and fall (Tenhunen et al. 1990 ). Productive capacity is, however, hindered by the summer drought and associated high temperatures, leading to high evaporative demand and low soil water availability during the potential growth period (Tenhunen et al. 1990 ). How Mediterranean trees respond to summer drought determines their productivity, distribution and competitiveness (Bradford and Hsiao 1982) .
Stomatal closure is considered to be the main mechanism employed by evergreen Mediterranan tree species to regulate transpirational water loss and avoid dehydration damage to their cells and tissues Tenhunen 1994, Martinez-Vilalta et al. 2002) . Stomatal regulation must, therefore, strike a balance between CO 2 uptake and water loss that ensures that leaf water potential (Ψ L ) does not become so negative as to cause a breakdown in the plant's hydraulic system (Jones and Sutherland 1991 , Sperry 2000 , Schulz 2003 . Stomatal closure occurs when leaf water potential would otherwise become dangerously negative (Bradford and Hsiao 1982, Sperry et al. 2002) .
Although the mechanisms of stomatal regulation are unclear (Tyree and Sperry 1988 , Jones and Sutherland 1991 , Sperry 2000 , stomatal closure during water stress must play a role in maintaining xylem integrity , Cruiziat et al. 2002 , Sperry et al. 2002 . Regulation of stomatal conductance must, therefore, be linked to the hydraulic conductance of the soil to leaf pathway (K h ) to achieve a balance between water supply from the roots to the shoots and leaf transpiration to maintain Ψ L at safe values throughout a drought. In this way, stomatal regulation enables the plant to maximize CO 2 fixation and soil water extraction without compromising the hydraulic contact between soil and canopy.
Water flow through the soil-plant-atmospheric continuum is proportional to the water potential gradient along the contin-uum and the resistance to flow (R) imposed along the hydraulic pathway (Passioura 1982) . At steady state, the relationship between stomatal conductance (g s ) and K h (inverse of R) can be described by a simple Ohms law analogy:
where C = (Ψ Soil -Ψ L )/D, D is the vapor pressure deficit and Ψ Soil -Ψ L is the water potential gradient between the root and leaf driving the flow (Jones and Sutherland 1991) . Equation 1 holds whatever the degree of coupling of the plant to the environment (McNaughton and Jarvis 1983) and demonstrates the dependence of stomatal regulation on changes in hydraulic conductance of the soil-leaf pathway, soil water content and evaporative demand (Saliendra et al. 1995 , Hubbard et al. 2001 . Depending on how stomata regulate changes in Ψ L , different types of relationships emerge from the association (Hubbard et al. 2001) . A linear relationship between K h and g s (isohydric) means that the magnitude of stomatal control of Ψ L is constant, whereas a curvilinear relationship (anisohydric) means a gradually increasing stomatal regulation of Ψ L as the severity of water stress increases (Hubbard et al. 2001) .
Differences in the diurnal behavior of Ψ L during drought development among individuals of the same species growing at a common location can explain and predict how patterns of water use change with changes in soil water availability and K h . Such differences affect plant productivity, species distribution and reproductive success (Kramer and Boyer 1995, Meinzer 2002) . How roots and shoots interact during drought development determines the success of Mediterranean plant species. Because roots and shoots are linked through the hydraulic pathway, characterizing changes associated with plant hydraulics during drought development may improve our understanding of coordinated tree responses and the coupling of canopy processes to the soil environment. We hypothesize that the survival and productivity of Quercus suber L. in the Mediterranean ecosystem depends on mechanisms that coordinate both liquid and gas phase conductance in a way that preserves hydraulic contact between soil and canopy. This coordination allows for optimization of carbon and water resource use, plant productivity and survival during drought.
Materials and methods

Site location, climate and soil characteristics
Field experiments were conducted at a site near the University of Evora's Mitra Campus, 12 km south-west of Evora in southern Portugal (38°32′26″ N and 8°00′01″ W). The altitude of the site ranges between 220 and 230 m a.s.l. The region has a Mediterranean mesothermic humid climate characterized by hot dry summers and cool humid winters (Corte-Real et al. 1998) . Mean annual precipitation between 1951 and 1980 was 664.6 mm, mainly distributed between October and May. Mean annual temperature is 15.4°C, with a maximum in August (31.3°C) and a minimum in January (3.8°C). Soils are acid Litholic, non-Humic derived from Gneiss with a pH of 4 to 6.
Plant material
Within a 16-year old Quercus suber plantation, five trees were identified for measurements and marked as A11, A12, A13, D6 and D22. Selection was based on tree location, size and stem structure. The tree diameters at breast height ranged from 10 to 15 cm and the mean height was 5.3 m. The trees were located about 3-5 m apart. Tree density within the plot was about 424 ha -1 .
Weather parameters
Weather conditions recorded at a microclimate station at the field site included precipitation (ARG100 rain gauge, EM, Sunderland, U. 
Soil water potential
Soil water potential (Ψ s ) near the trees was monitored with equitensiometers (EQ 15, Ecomatik GmbH, Dachau, Germany). For every tree, two sensors were installed in the soil at depths of 0.3 and 1.0 m, on the north-facing side, 1-1.5 m from the stem base. Each sensor was individually calibrated and had a measurement range from 0 to -1500 ± 5 kPa. This could, however, be extrapolated to -2500 kPa, but with reduced sensor accuracy. Data were recorded every 30 s, averaged and logged every 30 min. During installation, care was taken to minimize soil disturbance.
Sap flux density measurements
Sap flow (F ) was monitored on a well-exposed south-facing branch of each of the five trees by the stem heat balance method (SHB, Sakuratani 1981) . Each gauge consisted of a heating tape mounted on a flexible cork sheet (Heater Designs) encircling the entire stem that wrapped around the stem. Copper-constantan thermocouples were positioned within and outside the mounting cork insulation to monitor temperature gradients. The heater was supplied with a constant voltage (about 4.5 V). Heating voltage was continuously logged. The logged voltage was used to calculate branch F. Heat flow from the heater in different directions, namely in the vertical direction due to heat conductivity (Q v ), in the radial direction (Q r ) and by convection in the sap flow (Q f ) were estimated from temperature gradients measured between thermocouple junctions at specific locations on the mounting cork. The installed sensors were insulated with thick closed-cell foam jackets and then with aluminum foil to minimize solar heating. Signals from the thermocouple junctions were recorded every 30 s, averaged and stored every 30 min on a Delta-T logger. Radiation incident at each branch studied was monitored with small photodiodes (BPW21, Osram Semiconductor GmbH, Regensburg, Germany) and similarly recorded. The energy budget equation for the heated stem section was:
where P in is the electrical power to the heater calculated as:
where V is the voltage of the heater and R is its resistance.
Sap flow was calculated as:
where C p is the heat capacity of water (J g -1 K -1 ), and ∆T sap is the temperature difference of the sap measured below and above the heater (K). Because the measured branches had diameters between 9 and 13 mm, no significant heat storage was anticipated (Sakuratani 1984) , hence F (g h -1 ) is the transpiration rate at the branch level. 
Leaf transpiration and stomatal conductance
Between May 2003 and October 2003, a series of weekly measurements of leaf transpiration and stomatal conductance were made with a steady-state porometer (LI-1600, Li-Cor). Measurements were carried out on three trees: A11, A12 and A13. Well-exposed branches on the east-, west-, south-and northfacing sides of the crown were identified. The south-facing branch was adjacent to the branch with the SHB sensor to allow for close comparisons between the two measurement methods. Well-exposed leaves on each branch were identified and hourly measurements conducted on the leaves from sunrise to sunset. During the months of May and June, two sets of similar measurements per month were conducted with a portable gas exchange system (LI-6400, Li-Cor) alongside the LI-1600. Similar measurements were repeated in March 2004. Each leaf was set in the cuvette so that it received full illumination during measurement. Each measurement lasted one to two minutes to allow for equilibration within the cuvette.
Leaf water potential
Parallel measurements on diurnal courses of Ψ L on duplicate samples were conducted with a portable pressure chamber (PMS Instruments, Corvallis, OR). Measurements were carried out between 0400 and 2000 h local time, on five trees. At least four complete diurnal course measurements were conducted every month except during August, when only one set of measurements was taken. During measurements, young shoots with 2-3 leaves from well-exposed east-and west-facing branches were cut while enclosed in a plastic bag. Moist tissue paper was placed in the chamber to reduce water loss during the measurements. Hourly measurements were conducted on the selected trees and each round of measurements lasted less than 15 min.
Leaf specific hydraulic conductance and water use envelopes
Leaf specific hydraulic conductance (K s-l ; mmol MPa -1 m -2 s -1 ) was estimated from the slope of the relationship between leaf transpiration (E; mmol m -2 s -1 ) and Ψ L (MPa) and was calculated as K s-l = E /(Ψ L -Ψ pd ), assuming that Ψ pd is equivalent to Ψ s in the rhizosphere (Sperry and Pockman 1993) . This assumption holds only when there is no transpiration at night. This was true for our experiments because the vapor pressure deficit (VPD) approached zero by 0200 h for most of the measurement period (Figure 1b) . We also measured Ψ s at 0.3-and 1-m soil depths within the rhizosphere of each of the trees to compare with the Ψ pd values. Similar estimates were calculated from sap flux density data (in mmol per unit leaf area) for comparison, for the period when parallel leaf water potentials were measured. Water use envelope curves (Hacke et al. 2000 , Sperry et al. 2002 were constructed with exponential equations derived from a relationship between daily E max (denoted as E crit ) and the Ψ L (denoted as Ψ Lcrit ) for the time of E crit .
Results
Weather conditions
Monthly rainfall and mean daily air temperatures are shown in Figure 1A . The total rainfall between January and December 2003 was 656 mm. No significant rainfall occured between May and September. Mean maximum and minimum air temperatures between May and September (summer) 2003 were 30.6 ± 6.8 and 14.3 ± 3.4°C, respectively. The highest temperatures occurred during the month of August. Changes in VPD (Figure 1b ) mirrored those of air temperature ( Figure 1A ). Mean daily maximum VPD (VPD max ) throughout summer 2003 was 31.5 ± 17.9 hPa, and mean daily minimum VPD (VPD min ) was 1.6 ± 2.8 hPa. The VPD was zero between 0200 h and 0600 h for most of the days during which the measurements were taken. Mean daily solar radiation between May and October was 400 Wm -2 ( Figure 1B ). Mean wind speed was 0.93 ± 0.60 m s -1 , with wind speeds of near zero between midnight and sunrise on most days. Most of the winds during summer were from the north and northwest.
Seasonal changes in soil and plant water potentials
Values of Ψ pd and Ψ s measured at 1-m soil depth in the rhizospheres of three trees are shown in Figure 2 . Values for TREE PHYSIOLOGY ONLINE at http://heronpublishing.com
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the rhizosphere of two other trees (D6 and D22) are excluded to avoid over-crowding. Soil water content in the rhizosphere remained high until the end of June. Trees experienced high tissue water potentials during this period, and there were no differences (P < 0.05) in Ψ pd among trees. Tree water potentials reflected those of the rhizosphere at 1-m soil depth. Plant and soil water potentials declined significantly between July and September, a period of minimal rainfall, increasing air temperatures and high VPD. As the drought progressed, significant differences emerged among the trees. After July, Ψ pd values for trees A11 and D6 differed significantly (P < 0.05) from those for trees A12, A13 and D22. No significant differences (P = 0.84) occurred among trees A12, A13 and D22 or between trees A11 and D6. Mean Ψ pd values ranged between -0.8 and -1.9 MPa at the end of summer.
The emerging differences in seasonal Ψ pd values among trees as a result of increasing drought suggested differences in water availability (i.e., Ψ s ) in the rhizospheres of the trees (Otieno et al. 2006 ). These differences were, however, not reflected in the midday leaf water potentials (Ψ md ). When soil water content was high, i.e., between May and June, Ψ md remained above -2.0 MPa in all trees. However, minimum values declined to -2.8 MPa between July and September as soil water reserves became increasingly depleted.
Seasonal changes in leaf transpiration and stomatal conductance
Seasonal changes in maximum leaf stomatal conductance (g smax ) and leaf transpiration (E max ) are shown in Figure 3 . Mean E max and g smax recorded between May and mid-June were 6.5 and 340 mmol m -2 s -1 , respectively, but both declined significantly between July and September, attaining minimum values of 2 and 50 mmol m -2 s -1 , respectively. The drop in E max and g smax reflected changes in Ψ pd and Ψ s . There were significant differences (P < 0.05) in g smax between trees A11 and D6 on the one hand and trees A12, A13 and D22 on the other hand from July onward, during the time when drought was increasing, reflecting the pattern observed in plant and rhizosphere soil water status. The response patterns of trees A12, A13 and D22 were similar (P = 0.58), as were their values of Ψ pd and Ψ s . Compared with trees A12, A13 and D22, trees A11 and D6 both had favorable Ψ pd and significantly higher g smax and E max . To investigate differences among trees, we fitted an exponential decay function to the g smax and Ψ pd data of all the trees (Figure 4 ) by nonlinear least square regression analysis. The function was first fitted to data from the respective single trees and then to grouped data from the three trees. There were no significant differences (P > 0.05) among trees in their responses to changes in soil water status. This indicated that differences in g s among trees that emerged during the drought were a result of differences in soil water availability in the rhizosphere, which ultimately affects plant water status, and not a result of physiological differences among the trees. These results compared favorably with those obtained from branch sap flux density measurements ( Figure 5 ).
Diurnal changes in leaf stomatal conductance, transpiration and water potential
Diurnal patterns of g s , E and Ψ L of two trees, A11 (similar to D6) and A12 (similar to A13 and D22), with significantly different seasonal Ψ pd (P = 0.02) and behavior responses, are shown in Figure 6 . Air temperatures and VPD on days when measurements were conducted are shown in the upper panel. Between May and early June, when soil water content was high (Ψ pd = about -0.1 MPa), g s increased during the morning as irradiance, air temperature and VPD increased. Trees attained mean maximum g s of about 260 mmol m -2 s -1 by 1000 h. Stomatal conductance declined later in the day (around 1700 h), with declining irradiance. A midday depression in g s was observed for tree A12. Increasing transpiration rates during the early part of the day was accompanied by a decline in Ψ L . Mean diurnal minimum Ψ L attained during this period was -1.2 MPa. Recovery of Ψ L occurred as soon as transpiration rates declined and reached the predawn value by dusk. During this period, trees A11 and A12 attained similar g smax , E max and minimum Ψ L during the day. Differences in diurnal g smax and E max between trees A11 and A12 were evident in July ( Figure 6 ) and were attributed to increased water stress. For example, mean g smax during July was about 200 and 150 mmol m -2 s -1 for trees A11 and A12, respectively. For tree A11, E max was 5.2 mmol m -2 s -1 in July, which was not significantly different from values recorded during May-June when soil water was abundant. However, E max was reduced by half in tree A12. In contrast, both trees had similar minimum Ψ L during the day. During this period, g s increased during the morning, reaching a maximum at around 1000 h, but declined significantly before midday and increased slightly later in the day before declining to zero when irradiance was low.
In September, when Ψ pd was at a minimum, i.e., -0.85 and -1.65 MPa for trees A11 and A12, respectively, stomatal conductance was twice as high in tree A11 as in tree A12 (g smax = about 160 and 68 mmol m -2 s -1 , respectively; Figure 6 ). Stomatal conductance increased to a maximum early in the morning but declined significantly before noon and remained at low values during the rest of the day. Despite significant differences in Ψ pd , trees attained similar midday Ψ L of around -2.7 MPa. This suggested that stomatal regulation must have been much stronger in tree A12 than in tree A11, indicating anisohydric stomatal behavior response in this species. Recovery of Ψ L later in the day, when transpiration rates had declined was more rapid in tree A11, an indication of better leaf water supply. Throughout the summer, Ψ L declined rapidly after sunrise, attaining minimum values by 1100 h and remaining relatively constant for the rest of the day, recovering later in the day when E declined.
Constraints to water use
Steady state trajectories of E against Ψ pd during the season are shown in Figure 7 . We derived K s-l (mmol MPa -1 m -2 s -1 ) from this relationship. Increasing water stress caused more hydraulic limitation to steady-state E, resulting in flatter trajectories ( Figure 7 ) and also a rapid drop in K s-l between Ψ pd = 0 and Ψ pd = -1.0 MPa ( Figure 8A ). The value of K s-l was 6.5 mmol MPa -1 m -2 s -1 during favorable soil water conditions but declined to 2 mmol MPa -1 m -2 s -1 in September when the lowest Ψ pd values were recorded. The relationship between g s and K s-l was curvilinear (R 2 = 0.53), with an intercept close to zero and saturating g s at higher K s-l values (Figure 8B) . During the entire measurement period, trees operated within safe limits, and transpiration was strongly regulated below the critical values ( Figure 8C ). On a daily basis, transpiration rates steadily increased with increasing VPD and irradiance to maximum daily values, which varied during the year depending on Ψ s . After maximum transpiration rates were attained, further increases in VPD and irradiance during the day had no effect on transpiration rates. Similar observations were made for branch sap flux densities. The relationship between stomatal conductance and VPD was complex; however, above a VPD of 30 hPa, stomatal conductance declined significantly ( Figure 8D ).
Discussion
Plant water status declined as a result of declining soil water content during summer (Figure 2) , and the trees responded by reducing stomatal conductance ( Figure 3A) , leading to reduced transpirational water loss ( Figure 3B ). Relationships between g smax and Ψ pd (Figure 4) showed a strong dependence of stomatal regulation of transpirational water loss on soil water status, demonstrating an effective coupling of shoot responses to soil water availability in this species. Thus, depending on the availability of water in the rooting zone, which determines tree Ψ pd (Ryel et al. 2003 , Figure 2 ) and, by extension, water supply to the shoots during the day ( Figure 5 , also see Bréda et al. 1995) , different values of stomatal conductance were recorded for the different trees at similar times during the season, as water stress increased (Figures 3 and 6 ). This demonstrates a link between root water uptake and stomatal conductance (g s ), which in turn dictates the rate of leaf transpiration (E ) in terrestrial plants.
Seasonal differences in Ψ pd among trees observed during increasing drought have been attributed to differences in rooting 1184 OTIENO, SCHMIDT, KURZ-BESSON, DO VALE, PEREIRA AND TENHUNEN TREE PHYSIOLOGY VOLUME 27, 2007 depths and favorable local situations such as low tree density, making water more readily available for some trees than others (Otieno et al. 2006 ). These differences were equally reflected in the magnitudes of seasonal and diurnal g smax and E max (Figures 3 and 5) . For example, the decline in g smax in July in response to declining soil water potential ranged between 20 and 40% among the trees. Significant differences in whole-tree sap flux densities (Q tree ) were also evident among trees (unpublished data, see Figure 5A ). Compared with May-June, when highest sap flux densities were observed, Q tree declined by about 35% in trees that showed low magnitudes of g smax and E max . During this time, Q tree ranged between 0.204 ± 0.008 and 0.106 ± 0.028 kg cm -2 sapwood area day -1 . The decline in g smax in some trees was, therefore, an indication that water supply could not meet the potential transpirational demand in these trees because a tree's ability to lose water is associated with its ability to supply water to the leaves (Cruiziat et al. 2002) . For trees of the same species exposed to similar atmospheric conditions, differences in g smax can be attributed only to differences in soil water uptake and hence sap flux density (Figure 5) , which determines the rate of water supply to the leaves. This, in conjunction with stomatal regulation, determines Ψ L during the day (Salleo et al. 2000) . Thus, stomatal conductance responded to declining sap flux densities during drought in order to regulate transpirational water loss and to avert a dangerous drop in Ψ L . This response was mediated through changes in water status within the leaf as a result of changing K s-l ( Figures 8A and 8B) .
Previous studies have established varying relationships between g s and K s-l among plant species (Meinzer and Grantz 1990 , Sperry 2000 , Meinzer 2002 , Schulz 2003 . For Quercus suber, the observed relationship between g s and K s-l ( Figure 8B ) showed gradually increasing control of stomatal regulation on changes in Ψ L during the development of water stress (Hubbard et al. 1999) . The advantage of this coupling between g s and K s-l during the development of drought is shown in Figure 7 , in which daily E max gradually declined in response to increasing water stress and consequently minimized the decline in Ψ L during the day (Figure 6 , lower panel), despite the existing steep water gradient between the leaf and the atmosphere. This response allows a safety margin for the critical Ψ L at which cavitation occurs (i.e., the cavitation threshold denoted by Ψ c ) by limiting transpiration rates just below the critical threshold ( Figure 8C gain and water resource utilization in a species, allowing for productivity and survival under drought conditions as exhibited by Q. suber. For Q. suber therefore, stomatal conductance remained at its maximum ( Figure 8B ) as long as leaf water supply matched transpirational demand, allowing CO 2 uptake to proceed, but declined rapidly in response to decreasing water supply. This statement is supported by observations in which stomatal conductance appeared to decline sharply at higher VPDs, irrespective of soil water status, probably to control transpiration and to safeguard the water-conducting pathway ( Figure 8D ).
The establishment of successively lower maximum sap flux densities under light saturating conditions during the development of drought is likely due to hydraulic limits imposed along the conducting pathway because K s-l declined significantly with increasing water stress ( Figure 8A ). These limitations could be imposed at the absorbing root surfaces as a result of increasing resistance caused by soil drying Tenhunen 1994, Tyree et al. 1994) . Resistances could also be located within the water conducting vessels as a result of cavitation Sperry 1989, Hubbard et al. 2001) . Our results showed a strong stomatal response to changes associated with the hydraulic pathway ( Figure 8B ) and that stomatal regulation increased as soil water became limiting.
Stomatal conductance must be linked to hydraulic conductance (Whitehead et al. 1984 , Meinzer and Grantz 1990 , Jones and Sutherland 1991 , Sperry and Pockman 1993 if it is to respond to changes along the hydraulic pathway, which links water supply from the roots and water loss at the leaf surface. In this way, it can safeguard the integrity of the conducting vessels without unnecessarily limiting stomatal aperture and carbon gain (Wullschlleger et al. 1998 , Sperry 2000 , Meinzer 2002 ). It has already been established for Q. suber that Ψ L values of -3 MPa are equivalent to xylem water potentials of -2 MPa at which cavitation commences, i.e., cavitation threshold Cochard 1996, Cruiziat et al. 2002) . Effective stomatal regulation in this species must therefore maintain Ψ L above the critical cavitation threshold if the trees are to survive drought with minimal vascular cavitation (see Tyree and Cochard 1996 for vulnerability curve of Q. suber). In our study, Ψ L did not drop below -2.5 MPa during the day, despite increasing drought, strongly suggesting that the diurnal minimum Ψ L was of physiological significance. Given the documented threshold values for cavitation in Q. suber, we can conclude that the trees operated within safe limits, i.e., without catastrophic xylem embolism. The observed stomatal control on transpiration must, therefore, regulate water loss below the critical rates (Figure 8c ) and prevent Ψ L from dropping below the critical threshold.
In conclusion, we showed the significance of stomatal closure in regulating transpiration and Ψ L , both seasonally and diurnally. The maintenance of Ψ L well above the xylem cavitation threshold throughout the summer drought in Quercus suber demonstrates the role of stomatal regulation in ensuring the survival of this species in the Mediterranean ecosystem. Stomatal functioning and, by extension, productivity in this species is tightly coupled to root activity, which determines water delivery to the shoots. These findings confirm our previous suggestions on the role played by roots in determining the productivity and distribution of Q. suber (see Otieno et al. 2006) . We have now shown that responses in Q. suber during a drought are well coordinated. This coordination is achieved through a functional link between liquid and vapor phase conductance, ensuring optimal use of carbon and water resources without compromising survival during drought.
